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(54) Apparatus for turning steerable vehicle wheels 



(57) An apparatus (10) for turning steerable wheels 
of a vehicle upon turning of a vehicle steering wheel 
comprises a housing (14) having a chamber (38), a rack 
(16) movable in opposite directions in the chamber to 
effect turning of the steerable wheels in opposite direc- 
tions, a pinion (18) meshed with the rack, and a yoke 
(20) partially disposed in the housing and supporting 
the rack for sliding movement relative to the yoke. The 



yoke (20) comprises a molded plastic body having a 
recess (130) and a plate spring (150) located in the 
recess. The plate spring (150) has a surface (154) 
engaging the rack (16) and biasing the rack into 
engagement with the pinion (18). The plate spring (150) 
supports the rack (16) for sliding movement relative to 
the plate spring. 
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Description 
Technical Field 

[0001] The present invention relates to an appara- 
tus for turning steerable vehicle wheels, and is particu- 
larly directed to a rack and pinion steering gear for 
turning steerable vehicle wheels. 

Background of the Invention 

[0002] A known rack and pinion steering gear for 
use in turning steerable wheels of a vehicle includes a 
pinion which is disposed within a housing and is opera- 
tively coupled with a vehicle steering wheel. A trans- 
versely extending rack is also disposed within the 
housing and is in meshing engagement with the pinion. 
Rotation of the pinion produces linear movement of the 
rack which causes the steerable wheels to turn laterally 
of the vehicle. 

[0003] In the known rack and pinion steering gear, a 
yoke presses the rack into engagement with the pinion. 
The yoke is secured in the housing by a yoke plug which 
screws into the housing over an outboard end of the 
yoke. A helical spring is disposed between the yoke 
plug and the yoke to ensure firm meshing engagement 
between teeth on the rack and teeth on the pinion. 

Summary of the Invention 

[0004] The present invention is an apparatus for 
turning steerable wheels of a vehicle upon turning of a 
vehicle steering wheel. The apparatus comprises a 
housing having a chamber, a rack movable in opposite 
directions in the chamber to effect turning of the steera- 
ble wheels in opposite directions, a pinion meshed with 
the rack, and a yoke partially disposed in the housing 
and supporting the rack for sliding movement relative to 
the yoke. The yoke comprises a molded plastic body 
having a recess and a plate spring located in the recess. 
The plate spring has a surface engaging the rack and 
biasing the rack into engagement with the pinion. The 
plate spring supports the rack for sliding movement rel- 
ative to the plate spring. 

Brief Description of the Drawings 

[0005] The foregoing and other features of the 
present invention will become apparent to those skilled 
in the art to which the present invention relates upon 
reading the following description with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a side view of an apparatus for turning 
steerable vehicle wheels constructed in accord- 
ance with the present invention; 
Fig. 2 is a sectional view taken along line 2-2 in Fig. 
1; 



Fig. 3 is a sectional view taken along line 3-3 in Fig. 

2; 

Fig. 4 is an enlarged view of a portion of Fig. 3; 
Fig. 5 is a perspective view of a component of the 
5 apparatus of Figs. 1-4; and 

Fig. 6 is an exploded perspective view of the com- 
ponent shown in Fig. 5. 

Description of a Preferred Embodiment 

10 

[0006] The present invention relates to an appara- 
tus 10 (Figs. 1 and 2) for turning steerable vehicle 
wheels (not shown), and is particularly directed to a rack 
and pinion steering gear 12 for use in turning the steer- 
15 able vehicle wheels. The rack and pinion steering gear 
12 includes a housing 14, a rack 16, a pinion 18, and a 
yoke 20. 

[0007] The housing 14 has a generally cylindrical 
pinion portion 22 centered on a first axis 24 and a gen- 

20 erally cylindrical rack portion 26 centered on a second 
axis 28 (Fig. 3) which extends transverse to the first 
axis. The pinion portion 22 includes an inner surface 30 
defining a pinion chamber 32 in the housing 14. The 
rack portion 26 includes a radially extending end sur- 

25 face 34 (Fig. 2) and an inner surface 36. The inner sur- 
face 36 is centered on the second axis 28 and defines a 
rack chamber 38 in the housing 14. The rack chamber 
38 and the pinion chamber 32 intersect one another in a 
junction section 40 of the housing 14. 

30 [0008] The pinion 18 is disposed in the pinion 
chamber 32 in the pinion portion 22 of the housing 14 
and is rotatable about the first axis 24. The pinion 18 is 
operatively connected with a vehicle steering wheel (not 
shown) as is known in the art. The pinion 18 has an 

35 outer surface 42 which includes teeth 44 (Fig. 3) extend- 
ing in a helical pattern. 

[0009] The rack 16 is partially disposed in the rack 
chamber 38 (Fig. 2) in the rack portion 26 of the housing 
14. Opposite ends (not shown) of the rack 16 project 

40 beyond the housing 14 and are adapted to be con- 
nected with steerable vehicle wheels (not shown) as is 
known in the art. The rack 16 is movable in opposite 
directions along a rack axis 46 to effect turning of the 
steerable wheels in opposite directions. The rack axis 

45 46, as best seen in Fig. 4, is offset from the second axis 
28 upon which the inner surface 36 of the housing 14 is 
centered. Thus, the rack 16 is not centered in the rack 
chamber 38 in the housing 14. 

[0010] The rack 16 has a generally cylindrical outer 
so surface 60. A tooth portion 62 (Fig. 1) of the rack 16 
includes teeth 64 formed in the outer surface 60 of the 
rack. The teeth 64 on the outer surface 60 of the tooth 
portion 62 of the rack 16 are meshed with the teeth 44 
on the outer surface 42 of the pinion 18 in the junction 
55 section 40 of the housing 14 (see Figs. 2-4). Diametri- 
cally opposite the teeth 64, the outer surface 60 in the 
tooth portion 62 of the rack 16 comprises a segment 66 
(Fig. 4) of cylinder having a radius R1 . 
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[0011] The yoke 20 is made from a plastic material 
using an injection molding process. The yoke 20 has an 
outboard portion 70 and an inboard portion 90 project- 
ing from the outboard portion. The outboard portion 70 
includes a cylindrical inner surface 72 (Fig. 5) and a 
cylindrical outer surface 74. First and second end sur- 
faces 76 (Fig. 5) and 78 (Fig. 6), respectively, extend 
radially between the inner surface 72 and the outer sur- 
face 74. The first end surface 76 includes a circumferen- 
ttally spaced plurality of cavities 80. The cavities 80 in 
the outboard portion 70 provide material and weight 
savings for the yoke 20. A plurality of openings 82 
extend from the first end surface 76 to the second end 
surface 78. Each of the openings 82 has a terminal end 
surface 84 (Fig. 1) located in the inboard portion 90. 
The openings 82 are spaced between the cavities 80 
and are adapted to receive a tool 86 for deforming the 
end surface 34 of the housing 14 as described further 
below. 

[0012] The inboard portion 90 of the yoke 20 has 
first and second sections 92 and 110, respectively, the 
first section 92 of the inboard portion 90 of the yoke 20 
has a cylindrical outer surface 94 centered on the sec- 
ond axis 28 and a cylindrical inner surface 96 centered 
on the rack axis 46 (see Fig. 4). The first section 92 of 
the inboard portion 90 thus comprises an eccentric sec- 
tion having a continuously varying radial thickness. The 
outer surface 94 includes a circumferentially extending 
groove 98 (Fig. 5) in which an O-ring 100 (Fig. 2) is dis- 
posed. 

[0013] The second section 110 of the inboard por- 
tion 90 of the yoke 20 projects from an end surface 102 
of the first section 92 of the inboard portion. The second 
section 1 10 of the inboard portion 90 comprises a seg- 
ment 112 of a cylinder (see Figs. 5 and 6). Preferably, 
the segment 112 extends between 90° and 180°. The 
second section 110 of the inboard portion 90 has an 
outer surface 114 (Fig. 4) which is a part of a cylinder 
and which extends continuously as an extension of the 
outer surface 94 of the first section 92. The outer sur- 
face 1 14 is centered on the second axis 28. The second 
section 110 of the inboard portion 90 of the yoke 20 
includes an inner surface 120 which is a part of a cylin- 
der. The inner surface 120 is centered on the rack axis 
46 and extends continuously as an extension of the 
inner surface 96 of the first section 92. The second sec- 
tion 110 of the inboard portion 90 thus comprises an 
eccentric segment having a continuously varying radial 
thickness. 

[0014] The second section 110 of the inboard por- 
tion 90 includes first and second segment surfaces 122 
and 124, respectively, which extend parallel to the rack 
axis 46 and which connect the inner surface 120 with 
the outer surface 114. A radially extending inboard end 
surface 126 (Fig. 6) also connects the inner and outer 
surfaces 120 and 114. The inner surface 120 in the sec- 
ond section 1 10 of the inboard portion 90 of the yoke 20 
includes a recess 130. The recess 130 is defined by four 



planar end surfaces 132 and an arcuate surface 134. 
The arcuate surface 134 is centered about the rack axis 
46 and has a radius R2 (Fig. 4). 

[0015] A plate spring 150 made of coated spring 
5 steel is disposed in the recess 130 in the inboard por- 
tion 90 of the yoke 20. The plate spring 150 is a seg- 
ment of a cylinder centered on a spring axis 152. The 
plate spring 150 has an inner surface 154 with a radius 
R3 and an outer surface 156 with a radius R4. The 
10 radius R3 of the inner surface 154 of the plate spring 
1 50 is smaller then the radius R1 of the outer surface 60 
of the rack 16. The radius R4 of the outer surface 156 of 
the plate spring 150 is smaller than the radius R2 of the 
arcuate surface 134 in the recess 130, creating a pair of 
15 radial gaps, shown but not numbered in Fig. 4, between 
the plate spring and the arcuate surface at opposing 
ends of the plate spring. 

[0016] The yoke 20 is installed in the apparatus 10 
by placing the yoke over one end (not shown) of the rack 

20 16 and sliding the yoke down the rack toward the hous- 
ing 14. The outboard portion 70 of the yoke 20 and the 
first section 92 of the inboard portion 90 encircle the 
rack 16. The second section 110 of the inboard portion 
90 only partially encircles the rack 16. The yoke 20 is 

25 pressed axially into the housing 14. The first and sec- 
ond sections 92 and 1 1 0 of the inboard portion 90 of the 
yoke 20 are received in the rack chamber 38 in the rack 
portion 26 of the housing 14. The outboard portion 70 of 
the yoke 20 is disposed outside the housing 14. The 

30 second end surface 78 in the outboard portion 70 abuts 
the end surface 34 of the rack portion 26 of the housing 
14. The inner surface 72 of the outboard portion 70 is 
spaced from the outer surface 60 of the rack 16. 
[0017] Inside the rack chamber 38, the outer sur- 

35 face 94 of the first section 92 of the inboard portion 90 
of the yoke 20 engages the inner surface 36 in the rack 
portion 26 of the housing 14. The outer surface 114 in 
the second section 110 of the inboard portion 90 also 
engages the inner surface 36 in the rack portion 26 of 

40 the housing 14. The O-ring 100 in the outer surface 94 
of the yoke 20 seats against the inner surface 36 of the 
housing 14 and seals one end of the rack chamber 38. 
The inner surfaces 96 and 120 in the first and second 
sections 92 and 100, respectively, of the inboard portion 

45 90 are spaced from the outer surface 60 of the rack 16. 
The yoke 20 is then rotated eccentrically in the rack 
chamber 38 in the housing 14 about the rack axis 46 to 
the position shown in Figs. 2-4 where the plate spring 
150 in the yoke is located diametrically opposite the 

so teeth 64 on the rack 16. 

[0018] As shown in Figs. 2-4, opposite end portions 
1 70 and 1 72 of the inner surface 1 54 of the plate spring 
150 engage the outer surface 60 of the rack 16 and bias 
the rack into engagement with the pinion 18. Because 

55 the radius R3 of the inner surface 1 54 of the plate spring 
1 50 is smaller than the radius R1 of the outer surface 60 
of the rack 16, a radial gap 174 is created between the 
plate spring and the rack in a central area 176 of the 



3 



5 



EP 1 046 569 A1 



6 



plate spring. The differences between the radiuses R1 
and R3 of the rack 16 and the plate 150, respectively, 
helps to bias the plate spring against the rack, and thus 
ensures firm meshing engagement between the teeth 
64 on the rack and the teeth 44 on the pinion 18. 
[0019] With the yoke 120 located as shown in Figs. 
2-4, the yoke is staked in place against axial movement 
away from the housing 14. The staking is done using the 
punch tool 86 which is inserted into each of the open- 
ings 82 in the end surface 76 of the yoke 20 individually. 
The punch tool 86 is manually impacted to deform a 
portion 180 of the end surface 34 of the housing 14 over 
the terminal end surface 84 of each of the openings 82 
as shown in Fig. 1. The yoke 20 and, more particularly, 
the plate spring 150 are thus positioned to support the 
rack 16 for relative sliding movement in opposite direc- 
tions to effect turning of the steerable wheels. 
[0020] The apparatus 10 described above provides 
a low friction yoke for supporting linear movement of the 
rack. The integration of the plate spring 150 into the 
yoke 20 provides support for the rack 16 over a large 
length of the rack and decreases the number of compo- 
nents required to support the rack in the steering gear 
12. In addition, the first end surface 76 in the outboard 
portion 70 of the yoke 20 serves as a rack stop for an 
inner tie rod (not shown) connected with one of the 
steerable wheels. 

[0021] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications. For example, it should be 
understood that the apparatus 10 disclosed above could 
be used with either a hydraulically assisted rack and 
pinion steering system or an electrically assisted rack 
and pinion steering system. Such improvements, 
changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 

Claims 

1 . An apparatus for turning steerable wheels of a vehi- 
cle upon turning of a vehicle steering wheel, said 
apparatus comprising: 

a housing having a chamber; 
a rack movable in opposite directions in said 
chamber to effect turning of the steerable 
wheels in opposite directions; 
a pinion meshed with said rack; and 
a yoke partially disposed in said housing and 
supporting said rack for sliding movement rela- 
tive to said yoke, said yoke comprising: 

a molded plastic body having a recess; 
and 

a plate spring located in said recess, said 
plate spring having a surface engaging 
said rack and biasing said rack into 
engagement with said pinion, said plate 



spring supporting said rack for sliding 
movement relative to said plate spring. 

2. Apparatus as defined in claim 1 wherein said yoke 
5 has a circumferentially continuous outboard portion 

encircling said rack and an inboard portion project- 
ing from said outboard portion and only partially 
encircling said rack. 

10 3. Apparatus as defined in claim 2 wherein said out- 
board portion engages an end surface of said hous- 
ing and has openings to receive a tool for deforming 
said end surface to stake said yoke in place against 
axial movement away from said end surface. 

15 

4. Apparatus as defined in claim 2 wherein said out- 
board portion has a cylindrical outer surface cen- 
tered on a first axis of said chamber and said rack 
has a cylindrical outer surface portion centered on 

20 a second axis offset from said first axis. 

5. Apparatus as defined in claim 4 wherein said 
inboard portion of said yoke comprises an eccentric 
segment having a continuously varying radial thick- 

25 ness as said inboard portion extends circumferen- 
tially around said rack. 

6. Apparatus as defined in claim 4 wherein said cham- 
ber has a portion which receives said yoke due to 

30 axial movement of said yoke relative to said hous- 
ing and relative to said rack, and said yoke being 
rotatable in said portion of said chamber to locate 
said plate spring relative to said rack diametrically 
opposite said pinion to bias said rack into engage- 

35 ment with said pinion. 

7. Apparatus as defined in claim 6 wherein said rack 
has an outer surface portion which is a segment of 
a cylinder of a predetermined radius and said plate 

40 spring has an outer surface which is a segment of a 
cylinder of a radius smaller than said predeter- 
mined radius. 

8. Apparatus as defined in claim 1 wherein said rack 
45 has an outer surface portion which is a segment of 

a cylinder of a predetermined radius and said plate 
spring has an outer surface which is a segment of a 
cylinder of a radius smaller than said predeter- 
mined radius. 

50 
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